We report on a convenient synthesis of the ligand precursor; diethylethylene-1,2-bis(oxamate), 
Introduction
Over 30 year ago Nonoyama first reported the use of the propylene-1,3-bis(oxamate) as a chelating ligand. [1] Coordination with copper(II) through the oxamato N and O atoms results in a very stable anionic copper complex, a (Scheme 1). This paramagnetic molecule was exploited by Kahn, [2] who realised that it would interact with other transition metal ions in a structurally and magnetically predictable manner. This predictability allowed Kahn to develop a very successful approach to "molecular magnetism". [3] More recently others [4] expanded this chemistry through derivatisation and functionallisation of the polyamide ligand. Of particular interest is the elegant dimeric structure b (Scheme 1), in which a central spiro atom links two equivalent copper complexes. [5] Interestingly a survey of related structures reveals a striking absence of perhaps the simplest derivative, in which the propylene group of a is replaced by an ethylene group to give the hypothetical complex c (Scheme 1). We have embarked on a study of the coordination chemistry of this ligand (ethylene-1,2-bis(oxamate)) and report here on two related copper complexes.
Experimental Section
All reagents were used as received without further purification. C, H and N analysis was determined using a EAI Exeter Analytical Inc. CE-440 Elemental Analyser. Infrared spectra were obtained either as KBr discs using a Jasco FT/IR-410 spectrophotometer, or as neat samples using a Jasco FT/IR-4100 equipped with a Pike Technologies MIRacle ATR. 1 H and 13 C NMR spectra were measured using a Bruker DPX/400 spectrometer operating at 400 MHz. Mass spectra were recorded on a Jeol JMS700 (MStation) spectrometer. Powder X-ray diffraction were measured in the range; 5 < 2 < 75° on a Siemens D5000, using Cu K radiation.
Synthesis

Diethyl ethylene-1,2-bis(oxamate) (Et 2 H 2 oeo); 1
A solution of ethylenediamine (4.40 ml, 65.2 mmol) in absolute ethanol (10 ml) was added to diethyloxalate (100 ml, 729 mmol) at 45 °C and stirred for 8 hours. A solution of tetra(n-butyl)ammonium hydroxide (11 ml, 40 % w/w in water, 17 mmol) was added to 1 (1.00 g, 3.84 mmol) at room temperature. The mixture was stirred until the solid was There is a tendency for the product to oil out of solution. Analysis of the oil is consistent with the fact that it contains the product seen in the X-ray crystallography, and some additional tetra(n-butyl)ammonium cations, probably due to unreacted hydroxide. Thus, the proton NMR is characterised by broad peaks, in part due to the paramagnetic nature of 3 and partially due to the presence of impurity. In the 13 C NMR a second type of butyl group is apparent, it is characterised by a smaller peak height, and is marked by * below. 1 
X-ray crystallography
Single crystal X-ray diffraction experiments were performed on a Bruker APEX II CCD diffractometer using graphite monochromated Mo-K radiation. Data was collected at 100 K. All initial structures were found by direct methods [6] and were refined by a full-matrix least-squares refinement on F 2 [7] in the WinGX environment. [8] Special details for the refinement of 2
All atoms (except H and O3w) were refined with anisotropic thermal parameters. All hydrogen atoms were placed in idealised geometries; methylene and amide protons were refined in riding mode, while the protons of the water molecule had their OH bond lengths and HOH bond angles restrained. All isotropic thermal parameter for H atoms were fixed at 1.2 × U eq of the parent atom.
We note some disorder in the water of crystallization with two nearby sites having occupancies that were constrained to sum to 100 %. Thus O2w is found with a 90 % occupancy while O3w has a 10 % occupancy. H atoms for O3w were neither found or include in calculate positions.
Special details for the refinement of 3.
In view of the limited data quality and given the large number of atoms in the asymmetric unit, and consequently the large number of potential parameters, care was taken to apply sensible constraints and restraints to the model. All non-hydrogen atoms were refined anisotropically. One of the butyl groups is disordered over two sites, which refine with 51(1) and 49 (1) Results and discussion
Synthesis
The reaction of 1,2-diaminoethane with an excess of diethyloxalate to give the diamide; diethyl ethylene-1,2-bis(oxamate) (Et 2 H 2 oeo, 1) was first reported by Gaade [10] . The synthesis is subject to a number of technical difficulties, not least that in reactions where the diamine:oxalate stoichiometry approaches unity we observe the formation of complex oligomeric mixtures, which are difficult to separate, purify and even characterise, due to the low solubility of these Fig. S1 -supplementary information) .
Given that the amide proton has a pK a ~ 15 [11] , the further addition of base to an aqueous (Figure 2 ). Of the six potential D-H hydrogen bond donor groups, five form simple linear H-bonds (Table 3) . One of the amide groups (N2-H2) hydrogen bonds to an oxamide oxygen in a neighbouring molecule forming a cyclic (10) R 2 2 motif. [12] The other amide (N1-H1) is hydrogen bonded to water of crystallisation, (O2w) which in turn forms a hydrogen bond to another oxamide molecule. We note some disorder in the position of the water of crystallisation, with the O2w site having an occupancy of 90 %, and a nearby site O3w having a 10 % occupancy. The unfeasibly short inter-atomic distance (2.078(13) Å), ensures a mutually exclusive occupancies. We note that when present, a water molecule on the O3w site is ideally situated to hydrogen bond with the symmetry equivalent atom O2w i -H2wa
However, in the main, when O3w is vacant, the proton H2wa is not involved in hydrogen bonding.
Magnetism of 2
Magnetisation measurements of 2 gives a room temperature moment of 1.94(2)  B , which is virtually independent of temperature (Fig. 3) . The reciprocal susceptibility was fitted to CurieWeiss law and gave a Curie constant; C = 0.471(1) cm 3 mol -1 K and a Weiss constant;  = -3.6(3)
K. We can equate this with an isolated S = 1 / 2 ion and an average value of the g-tensor of 2.24. The field-induced magnetisation at 50 K is essentially linear and shows no sign of saturation up to 50 kG ( Fig. S3 -supplementary information) . Within the dimer unit the Cu ions are linked by a tortuous Cu-OCNCCNCO-Cu bridge, and have a through space separation of 6.400 (5) d  orbitals on each ion, and the geometry of the carboxylate bridge, it is easy to envisage that in this case the carboxylate mediates a very poor exchange interaction. Thus it seems most likely that we can equate the small negative Weiss constant with a very small antiferromagnetic coupling interaction between neighbouring dimers.
Structure of [n-Bu 4 N] 4 [Cu(Hoeo) 2 ](H 2 O) 4 3
We obtain the tetra(n-butyl)ammonia salt of the mononuclear complex, [Cu (Hoeo) 2 ] 4-, as a tetrahydrate, 3. The compound crystallises in the triclinic space group 1 P ( Table 1 ). The asymmetric unit is comprised of half of the coordination complex (the copper(II) ion lies on an inversion centre), two tetra(n-butyl)ammonia cations and two molecules of water (Fig. 4 , Table 4 ).
One of the n-butyl groups in one of the cations is disordered over two sites with approximately equal probabilities. The water of crystallisation is H-bonded to the ligand; O1w forming two interactions and linking the amide carbonyl O atoms within a ligand (Fig. 4) , while O2w forms a single H-bond with the terminal carboxylate group (Table 5) . Thus there are no significant hydrogen bond interactions for one of the protons on O2w or for the amide proton. Interestingly, the anhydrous form of this compound (4) has been reported previously [13] and a number of useful comparisons can be drawn. Both anhydride (4) and tetrahydrate (3) crystallise in the same space groups with very similar cell lengths and cell volumes. In both cases the Cu atom lies on an inversion centre, and in both cases conformational disorder in the cations is evident. The greatest difference in the structures is in the conformation of the oxamato ligand. The hydrogen bonding from the water of crystallisation in the tetrahydrate stabilises a conformation in which the noncoordinated oxamate group is almost parallel to the planar Cu coordination environment, whereas in the anhydride these groups are aligned perpendicular (Fig. 5) . The as yet hypothetical analogue, that may have been anticipated from the ligand described in this 
